The susceptibilities of 317 gram-negative bacilli to apalcillin and piperacillin were determined by standardized microdilution and disk diffusion tests. The respective percentages of strains susceptible to c64 pg of apalcillin and piperacillin per ml were as follows: members of the family Enterobacteriaceae, 90 and 88%; randomly selected Pseudomonas aeruginosa, 100 and 100%; multi-drug-resistant P. aeruginosa, 100 and 75%;
Apalcillin and piperacillin are ampicillin derivatives which have similar broad spectrums of activity against gramnegative bacilli, gram-positive cocci (excluding penicillinaseproducing Staphylococcus aureus), and anaerobic bacteria (1, 2) . This study was designed to critically analyze, by use of both broth dilution and disk diffusion susceptibility tests, their comparative in vitro activities against aerobic and facultatively anaerobic gram-negative bacilli.
MATERIALS AND METHODS
Organisms. The organisms studied included 317 gramnegative bacilli isolated at or sent to The Ohio State University Hospitals Clinical Microbiology Laboratory. There were 110 Enterobacteriaceae strains, 107 Pseudomonas aeruginosa strains, and 100 strains of other nonfermenters and Aeromonas hydrophila (see Table 1 ). All strains were randomly selected, except for 28 P. aeruginosa strains which were known to be resistant to gentamicin (MIC, .8 ,ug/ml) and carbenicillin (MIC, .256 ,ug/ml). Of the Enterobacteriaceae strains, 81% were blood isolates. Of the randomly selected P. aeruginosa strains, 100% were blood isolates.
Susceptibility tests. The MICs of apalcillin (Wyeth Laboratories, Philadelphia, Pa.) and piperacillin (Lederle Laboratories, Pearl River, N.Y.) for the study organisms were determined by a standardized microdilution method in cation-supplemented Mueller-Hinton broth (7) . The final antibiotic concentrations were log 2 dilution steps ranging from 0.25 to 512 ,ug/ml. The final inoculum was ca. 5 x 10 CFU/ ml. Interpretive criteria for MICs were as follows: -64 ,ug/ ml, susceptible; 128 ,ug/ml, intermediate; and .256 ,ug/ml, resistant, based on previous recommendations and concen-* Corresponding author.
trations achievable in serum (1, 2, 4) . Linear regression analysis (y = a + bx, where a = the y-intercept and b = the slope) was used to correlate apalcillin log 2 MICs (y) with piperacillin log 2 MICs (x). The correlation coefficient (r) was used to describe the scatter around lines of best fit. Disk diffusion susceptibility tests with 100-jag apalcillin and 100-,ug piperacillin disks, obtained from both Difco Laboratories (Detroit, Mich.) and BBL Microbiology Systems (Cockeysville, Md.), were performed by a standardized method (6) along with the MIC determinations. Standard assay strains were used for quality control (6, 7) . Linear regression analysis was used to correlate log 2 MICs (y) with inhibition zone diameters (x). The original error rate-bound classification scheme (5) Fig. 1 . Enterobacteriaceae were less consistently susceptible to both antibiotics than were nonfermenters and A. hydrophila. Against the Enterobacteriaceae, apalcillin and piperacillin had equal activity; the regression line for MIC pairs had a slope close to unity, and the MICs of one drug were always within two dilution steps of the MICs of the other drug. For P. aeruginosa, there was a similar linear relationship between the MICs, but apalcillin MICs were usually one to three dilution steps lower than those of piperacillin. For the other species, as a group, MICs were less interrelated. However, for each individual species, a linear relationship with a regression line slope near unity was consistent; apalcillin MICs were two to four dilution steps lower than piperacillin MICs for Acinetobacter calcoaceticus, zero to three dilution steps lower for Pseudomonas species, zero to one dilution step higher for other nonfermenters, and the same for A. hydrophila.
Disk diffusion susceptibilities. The correlations of apalcillin and piperacillin MICs with BBL apalcillin and piperacillin disk inhibition zone diameters are shown in Fig. 2 and 3 , respectively. For Enterobacteriaceae and P. aeruginosa, r values were -0.91 to -0.96, regardless of which disk was tested. For the other species, as a group, r values were lower (-0.67 to -0.90), reflecting the fact that some organisms, particularly P. cepacia, grew quite slowly on the disk diffusion plates. For those organisms, inhibition zone diameters were disproportionally large for a given MIC.
Breakpoints for defining susceptible, intermediate, and resistant categories of susceptibility to apalcillin and piperacillin are also shown in Fig. 2 and 3 , respectively. The rates of significant errors for false disk test results based on those breakpoints, are shown in Table 2 .
The results of disk susceptibility tests with Difco disks were virtually identical to those with BBL disks and are therefore not shown. DISCUSSION The MICs of the various broad-spectrum penicillins for aerobic and facultatively anaerobic gram-negative bacilli are highly interrelated, although relative activities vary with the species tested (1-3). In this study, apalcillin, one of the newest penicillins, was equal in activity to piperacillin against Enterobacteriaceae and A. hydrophila, more active than piperacillin against Pseudomonas species and A. calcoaceticus, and less active than piperacillin against other nonfermenters. Strains relatively resistant to one drug were relatively resistant to the other drug, however, and the clinical significance of differences in MICs of one to three dilution steps is not known.
In this study, inhibition zone diameters with 100-p.g apalcillin and 100-,ug piperacillin disks correlated well with the respective MICs, particularly for Enterobacteriaceae and P. aeruginosa, the most common organisms tested in clinical laboratories. With a modified error rate-bound scheme (5), the selected apalcillin and previously recommended (6) piperacillin breakpoints both gave 0% false-susceptible results and -s1.0% false-resistant results based on the respective MICs.
Although regression line analyses indicated that apalcillin MICs correlated with piperacillin zone diameters and that piperacillin MICs correlated with apalcillin zone diameters, the use of the piperacillin disk to predict apalcillin MICs could not be recommended for nonfermenters because small zones of inhibition around piperacillin disks were observed with apalcillin-susceptible strains. The apalcillin disk could be used to predict piperacillin MICs for all groups of organisms studied when modified breakpoints were used; however, error rates were higher than with the piperacillin disk.
Other investigators (2) recently evaluated 100-p.g apalcillin and 100-pug piperacillin disks by using methods and MIC susceptibility criteria identical to those used in the present study. Their results were very similar to those of this study, with several exceptions: correlation coefficients for regression analyses of MICs and zones of inhibition were poorer; apalcillin disk breakpoints of <13 mm (rather than -12 mm) to indicate resistance, 14 to 17 mm (rather than 13 to 15 mm) to indicate intermediate susceptibility, and .18 mm (rather than >16 mm) to indicate susceptibility were selected; and higher error rates were observed. If the apalcillin zone diameter breakpoints recommended in this study had been applied to their data, no increases in significant error rates would have been observed, and a number of strains with MICs of 8 to 64 jig/ml would have been categorized as susceptible rather than intermediate. Conversely, if the apalcillin zone diameter breakpoints recommended in their study were applied to our data, no increases in significant error rates would have been observed, but a number of strains with MICs of 16 to 64 jxg/ml would have been categorized as intermediate rather than susceptible. They also concluded that apalcillin and piperacillin were interchangeable for the purpose of routine in vitro susceptibility testing. As indicated above, we would not be enthusiastic about using the disks interchangeably, even with modified breakpoints.
